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Executive Summary 
This short communication presents a validated set of Reference Dwellings (RDs) suitable for use 
as inputs to a national-scale bottom-up engineering Dwelling Stock Energy Model (DSEM). This 
research builds upon research by the Irish Building Stock Observatory (IBSO) that characterised 
52 RDs for Ireland using Machine Learning (ML) applied to the Energy Performance Certificate 
(EPC) database in 2024. This study analysed and hence selected 20 predominant RDs (from a set 
of 52) to represent 85% of the Irish housing stock for development, characterisation and 
validation.  

Development, Characterisation and Validation 
As shown in Table 1 to 19, three-dimensional (3D) geometric models of the 20 RDs were 
developed, incorporating building form, construction period, architectural style and living area 
percentage estimation. The 3D geometries characterised in this research were first validated 
using Real Example (ReEx) Buildings characterised by typology and construction period and 
sourced for each RD from various historical and contemporary references, including Irish Cities’ 
history books [1], counties development plans [2], architectural archives [3], properties news, live 
maps [4, 5] and properties sale website [6-10]. The RD characterisations were enriched with key 
thermal and building envelope parameters, including air permeability, thermal bridging 
coefficients, and likely construction characteristics. This data enrichment enabled a secondary 
cross-validation process with EPC ratings and retrofit status classifications, validating alignment 
between the 20 RDs and Ireland’s national housing stock characteristics.  

Results and Recommendations 
The validated RDs characterised in this research are robust and contemporaneous and are 
suitable for use as inputs to a national bottom-up engineering DSEM and should be used in place 
of outmoded historical RD characterisations such as TABULA [11]. 

Limitations and Future Research 
In bottom-up energy stock modelling, the use of RDs serves as a computationally efficient 
approach to representing the diversity of the built environment. In this case, 52 RDs were initially 
identified by machine learning to account for 100% of the building stock, ensuring heterogeneity 
is captured. However, further analysis revealed that the top 20 RDs account for 85% of the stock, 
while the remaining 32 RDs collectively represent only 15%, with each of these less frequent RDs 
contributing less than 1.5% individually and 0.5% on average. Excluding 15% (32) of the less 
common dwelling RDs, highly distributed across a wide range of RDs, reduces the computational 
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burden. However, the selected RDs (20 RDs or 85% of built stock) remains highly representative 
of the national stock, balancing efficiency and accuracy. Given the objective of maintaining a 
manageable yet representative model, a strategic decision was made to prioritise the 
characterisation of the top 20 RDs. This approach is grounded in several key considerations: 

1. Coverage Efficiency: The top 20 RDs capture the vast majority (85%) of the total dwelling 
stock, ensuring that the model remains broadly representative of real-world conditions. 

2. Computational Efficiency: By focusing on the most numerate RDs, the model achieves a 
significant reduction in computational requirements, making large-scale simulations 
feasible without sacrificing meaningful insights. 

3. Diminishing Returns on Inclusion: The remaining 32 RDs, while collectively accounting 
for 15% of the stock, each contribute less than 1.5% individually. Including them would 
significantly increase computational burden without proportionally enhancing the 
macro-level insights. 

4. Robust Characterisation: The top 20 RDs inherently capture the predominant stock 
characteristics, providing a solid foundation for robust national-level energy modelling 
and data-driven policy insight. 

 
Further limitations of this research include: 

• The EPC dataset required extensive cleaning to validate the dataset to Eurostat level 3.  
36% of the dataset was found to be ‘bad data’ and was removed from the dataset. 
Notwithstanding, data validation ensured that the remaining data was robust and 
suitable for RD characterisation. 

• Air permeability values within the national EPC dataset were found to be 
misrepresentative this is because dwellings which had an air permeability test carried 
out, typically had other measures installed that reduced the calculated overall energy 
consumption to below average. This indicates that end-users motivated to test for air 
tightness already had air-tight low-energy dwellings. Hence air permeability data was 
sourced from a field dataset collated by an air tightness company in Ireland. Greenbuild 
Energy Rating and Building Information Services Ltd. have been conducting air-tightness 
tests in Ireland since mid-2007, amassing air-tightness test data relating to 187 
refurbished as well as as-built Irish dwellings [12]. Empirical test data was averaged by 
typology and construction period and hence applied to RDs characterised in this work.   
While derived from a relatively small dataset, this approach provides an empirical basis 
for airtightness estimation. Future research could refine these assignments with broader 
empirical data. 

• In the absence of the publication of thermal bridging coefficients (ψ-values) for Ireland, 
ψ-values were determined using the UK SAP guidelines. While this provides a structured 
and validated approach, future studies could refine these assignments with Irish-specific 
data. 

Conclusion 
This research validates and enriches the statistical ML-based approach to RD characterisation, 
characterising 20 predominant RDs suitable for dynamic modelling and national-scale DSEM 
inputs. These RDs are more representative, empirically validated, and data-driven alternative of 
Ireland’s housing stock to those developed under existing frameworks, providing a scalable and 
adaptable foundation for energy performance analysis and evidence-based policy development. 
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Table 1 Typology No.1 - 1956 to 1995 Semi Detached Bungalow with Oil Boiler 
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Table 2 Typology No.2 - 1977 to 1996 Detached Bungalow with Oil Boiler 
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Table 3 Typology No.3 - 1995 to 2004 Detached House with Oil Boiler 
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Table 4 Typology No.4 - 1950 to 1972 Semi-Detached House with Gas Boiler 
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Table 5 Typology No.5 - 1966 to 1982 Mid-Terrace House with Gas Boiler 
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Table 6 Typology No.6 - 1991 to 2004 Detached House with Oil Boiler 
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Table 7 Typology No.7 - 1860 to 1976 Detached House with Extension with Oil Boiler 
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Table 8 Typology No.8 - 1860 to 1976 Detached Bungalow with Oil Boiler 
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Table 9 Typology No.9 - 2002 to 2006 Ground Floor Apartment with Gas Boiler
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Table 10 Typology No.10&11 - 1900 to 1950/1952 Middle/Top Floor Apartment with Gas Boiler
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Table 11 Typology No.12 - 1997 to 2005 Semi-Detached House with Gas Boiler 
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Table 12 Typology No.13 - 1980 to 2003 End-of-Terrace House with Gas Boiler 
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Table 13 Typology No.14 - 1925 to 1992 Middle-Terrace House with Gas Boiler 
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Table 14 Typology No.15 - 1982 to 2006 Middle-Terrace House with Gas Boiler 
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Table 15 Typology No.16 - 2003 to 2019 Semi-Detached House with Air Source Heat Pump 
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Table 16 Typology No.17 - 1995 to 2013 Detached House with Air Source Heat Pump 
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Table 17 Typology No.18 - 1985 to 2005 Ground Floor Duplex with Gas Boiler 



 
 

PAGE 20 OF 22 

 

 

Table 18 Typology No.19 - 2007 to 2020 End-of-Terrace House with Gas Boiler 
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Table 19 Typology No.20 - 1993 to 2019 Semi-Detached House with Gas Boiler
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